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The US-2 DNA-binding element (ggaatgattact-
agctaga) in the promoter of the human oxytocin re-
eptor (OTR) gene has been shown to bind specifically
uclear proteins from human myometrium at parturi-
ion. To elucidate the molecular mechanisms involved
n OTR gene upregulation at term, the US-2 element
as used in a yeast one-hybrid system to screen a

DNA library derived from term human myometrium.
ositive clones were further screened by electro-
horetic mobility shift assay for their ability to bind
he human OTR gene promoter, containing the US-2
otif. A 2.3-kb full-length cDNA encoding a human
omologue of chicken MafF (hMafF) was isolated.
MafF represents an 18-kDa protein and contains an
xtended leucine zipper structure, but lacks a trans-
ctivation domain. Furthermore, Northern hybridiza-
ion showed strong hMafF mRNA expression in the
idney and in term myometrium only, but not in non-
regnant myometrium. The hMafF protein is also pref-
rentially expressed in term myometrium, as shown
y specific binding to the OTR promoter. The highly
pecific binding of hMafF to the US-2 motif in the
uman OTR gene, together with its pattern of expres-
ion, supports a role for hMafF in OTR gene upregu-
ation at term. © 1999 Academic Press

Parturition consists of multistage biochemical and
iophysical reactions, which ultimately result in the
terine myometrium changing dramatically from a
uiescent state to one of active contraction. The molec-
lar mechanisms, which drive this spontaneous
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hange, are still largely unknown. As part of this pro-
ess, the oxytocin (OT)-oxytocin receptor (OTR) system
ppears to play a crucial role, with a dramatic upregu-
ation of OT-binding in the human myometrium at
erm, due to an increase in OTR gene transcription of
ore than 300-fold after the onset of labor, compared
ith the level in non-pregnant myometrium (1). The
olecular mechanisms underlying the transactivation

f the OTR gene, and hence regulating the parturition
ascade, are largely unknown. While estrogen is impli-
ated in OTR gene upregulation in vivo (2), only weak
rat; 3) or no (human and bovine; 4) influence of estro-
en can be shown in transfected cell systems, making it
nlikely that direct steroid action can explain the up-
egulation of the OTR gene.
In an alternative approach to investigate the regu-

ation of the OTR gene, we have compared the expres-
ion patterns of nuclear DNA-binding proteins from
pregulated (term myometrium) and downregulated
non-pregnant myometrium) tissues interacting with
he upstream region of the gene. Using such differen-
ial display electrophoretic mobility shift assays
EMSA), we could identify two novel protein-binding
lements associated with OTR upregulation (5) and
ownregulation (6), respectively. We have now identi-
ed a third element, US-2 [ggaatgattactcagctaga; cor-
esponding to nucleotides 21433 to 21414 of the hu-
an OTR gene (7)], whose occupancy correlates with

he upregulation of the OTR gene. Here we report the
loning, using a yeast one-hybrid system, and charac-
erization of a novel DNA-binding protein, which spe-
ifically binds the US-2 element in the human term
yometrium. This new factor appears to be the human

ounterpart of chicken MafF, and its specificity of ex-
ression makes it a good candidate for an enhancer in
he upregulation of the OTR gene at parturition.
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ATERIALS AND METHODS

Tissue preparation. Human non-pregnant myometrium and myo-
etrium of 14 weeks gestation were obtained at hysterectomy. Term
yometrium was obtained at hysterectomy due to uterine rupture

ccompanying vaginal delivery. Placenta and choriodecidual mem-
ranes was obtained at elective cesarean section at term. Spleen was
btained at splenectomy; liver and the kidney samples were post-
ortem. Tissues were rapidly dissected, rinsed with ice-cold saline,

nap-frozen in liquid nitrogen and then stored at 280°C until use.
ll patients (or the family) had provided informed consent and the
elsinki convention was observed in all cases.

Construction of cDNA library. Total RNA and poly(A)1 RNA from
erm myometrium was prepared as described by Okayama et al. (8).
ive micrograms of poly(A)1 RNA was converted to cDNA using the
uperScript Plasmid system (for directional library using oligo(dT)-
otI/SalI primer; Gibco BRL) and SuperScript Choice system (for

andom library using random hexamers, Gibco BRL). Size-
ractionated (.500 bp) double-stranded cDNA was ligated into the
GAD424-SalI/NotI vector (a gift of Dr. B. Gellerson, Hamburg) for
he directional library or into pGAD424 (Clontech) for the randomly
rimed library. Both libraries were transfected into DH5a elctrocom-
etent cells and indicated complexities of 7.7 3 106 and 6.6 3 106

ndependent clones, respectively. These libraries were expanded,
nd plasmid DNA was recovered by ion exchange chromatography
JETStar; Genomed).

Yeast one-hybrid system. The MATCHMAKER One-Hybrid sys-
em (Clontech) was used for yeast one-hybrid screening (9). The
is-element, US-2, in the 59-flanking region of the human OTR
ene (7), was identified by serial screening of differential-display
MSA, comparing nuclear proteins from term myometrium with

hose from non-pregnant myometrium (5), followed by methyl-
tion interference footprinting (data not shown). One micrograms
f sense and antisense strands of the US-2A oligonucleotide (Table
) was annealed, concatemerized, and the trimeric concatemer
urified and subcloned into BamHI-digested pBluescript II (Strat-
gene) to confirm the sequence. This plasmid was digested with
maI or XbaI, the XbaI site being polished by a Klenow fill-in
eaction, and then the US-2 trimers ((US-2)3) subsequently ex-
ised by XbaI or EcoRI, respectively. The EcoRI–XbaI digested
HISi-1 (Clontech), EcoRI-blunt (US-2)3, and SmaI–XbaI (US-2)3

ragments were ligated together; the correct resulting plasmid
NA, with a hexameric cis-element, was then checked by sequenc-

ng and purified ((US-2)6-pHISi-1). Two micrograms of XhoI-
igested (US-2)6-pHISi-1 was then introduced into Saccharomyces
erevisiae YM4271 by the polyethylene glycol (PEG)/lithium ace-
ate (LiAc) method (10), and plated onto SD (synthetic dropout)/-
is plates, to establish the strain (US-2)6YM4271.
Fifty micrograms of plasmids derived from the directional or ran-

om library was introduced into the (US-2)6YM4271 strain by the
EG/LiAc method, plated onto SD/-His/-Leu/115 mM 3-amino-1,2,4-
riazol (3AT; Sigma–Aldrich), and incubated at 30°C for 5 days. 6.0 3
06 and 9.1 3 106 clones deriving from the two libraries respectively,
ere screened. Plasmids with cDNA inserts, derived from grown

olonies, were rescued in E. coli (DH 5a) and sequenced using
GAD424 specific primers (Clontech).

Electrophoretic mobility shift assay (EMSA) screening. After a
equence database search, cDNA inserts with both novel and
uclear protein-related sequences were excised by HindIII diges-
ion as a cassette together with the GAL4AD sequence, and intro-
uced into the pRcCMV vector (Invitrogen). The correct orienta-
ion was checked by PCR, and the GAL4AD-cDNA encoded fusion
rotein synthesized with the TnT T7-coupled reticulocyte lysate
ystem (Promega). As probe for the EMSA screening, the PCR-
erived fragment B1-1 [nucleotides 21466 to 21375 bp (7)], was
ubcloned into pGEM-T (Promega), excised and labeled with
a32P]dCTP. Two microliters of the TnT product and 1 3 104 cpm
87
f labeled probe was incubated and EMSA was performed as
escribed (5) at 4°C. For supershift experiment, 1 ml of anti-
AL4-TA monoclonal antibody (Santa Cruz) was preincubated
ith the binding reaction for 30 min at 22°C, then incubated with
1-1 probe for a further 30 min. The EMSA gel was dried and
xposed to X-ray film at 280°C.

Sequencing, 59- and 39-RACE, and molecular weight determina-
ion. The sequences of the three independent clones whose encoded
roteins bound the B1-1 fragment represented partially overlapping
ragments of the same gene product. The longest of these clones
#1481) was excised using EcoRI, subcloned into pBluescript II (pBS-
1481) and sequenced. To complete this sequence, 59-RACE was then
erformed according to Maruyama et al. (11). Two micrograms of
oly(A)1 RNA from term myometrium was reverse transcribed (Su-
erscript II, GibcoBRL) using a gene specific primer (59-AS1). The
rst strand cDNA was self-ligated overnight by T4 RNA ligase (New
ngland Biolabs) and second strand cDNA synthesized from the
9-S1 primer. This circularized cDNA was used as template in an
nverse PCR with the 59-S2 and the 59-AS2 primers, together with 1

betaine (12), Taq DNA polymerase (Gibco BRL) and the recom-
ended buffer (Gibco BRL). For 39-RACE, 2 mg of poly(A)1 RNA from

erm myometrium was reverse transcribed using the 39-ASdT primer
nd the first strand cDNA subjected to a PCR with the 39-S and the
9-AS primers. All primer sequences and PCR conditions are listed in
able 1. The PCR product was purified, ligated into pGEM-T vector
nd sequenced. The molecular weight of the cloned protein was
stimated from the TnT product of the plasmid pRcCMV-hMafF
fter radiolabeling with [35S]methionine (Amersham–Pharmacia).
his plasmid was constructed from the KpnI–HindIII insert of the
lone pBS-#1481, which includes the complete open reading frame.
he protein product was analyzed by 12% SDS–PAGE using appro-
riate size markers (broad range; Bio-Rad), and exposed to X-ray
lm.

Oligonucleotide and PCR Primer Sequences Used
for Probe Generation and RACE Reactions

Double-strand oligonucleotides

S-2A 59gatcGGAATGATTACTCAGCTAGA
CCTTACTAATGAGTCGATCTctag59

S-2B 59gatcGATTACTCAGCTAGAACCCT
CTAATGAGTCGATCTTGGGActag59

PCR primers

1-1 Sense: 59TTTTCGAGGCCGATAGGTAC39
Antisense: 59GGACTGGGTTTCCTTAAT39

3mer Sense: 59CAGCCCCCATTCTGGAATGA39
Antisense: 59ATCCCAGGGTTCTAGCTGAG39

59-RACE PCR

S1: 59GACTTCTGCTTCTGCAGC39 95°C 5 min
S2: 59GCTTCTGGGCCCGCTTGG39 95°C 30 s
1: 59CGGACGAGGCGCTGATGG39 X°C 30 s
2: 59ATCCCCTATCCAGCAAAGC39 72°C 60 s

(X; 65, 63, 61, 59, 57°C; 2 cycles each and 55°C for 25 cycles)

39-RACE PCR

S(dT): 59GACTCGAGTCGACATCGATTTTTTTTTTTTTT9
S1: 59GACTCGAGTCGACATCG39
1: 59CACTGTTTATTTATTGCACG39

(X; 60, 58, 56, 54, 52°C; 2 cycles each and 50°C for 25 cycles)
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RNA blot hybridization and comparative EMSA analysis. RNA
rom various human tissues, as indicated, was prepared using the
cid guanidinium-phenol–chloroform method as described (13).
wenty micrograms of total RNA from each tissue was separated by
lectrophoresis in 2.2 M formaldehyde/1% agarose gels with Mops
uffer, transferred onto a Biodyne A membrane (Pall) in 203 SSC,
nd then hybridized in Quickhyb hybridization solution (Stratagene)
t 68°C for 2 h with the [a32P]dCTP labeled 430-bp SmaI–BamHI
ragment (Megaprime DNA labeling system, Amersham–Pharmacia)
igested from pBS-#1481. The membrane was washed in 0.23 SSC–
.1% SDS for 40 min at 65°C and exposed to X-ray film at 280°C. The
embrane was reprobed with an [a32P]dCTP-labeled cDNA for

lyceraldehyde-3-phosphate dehydrogenase (G3PDH) as internal
ontrol.
Nuclear protein was purified from different tissues according to

he method of Deryckere and Gannon (14) and aliquots snap-frozen
n liquid nitrogen and stored at 280°C. Protein concentrations were
etermined using the Bio-Rad DC protein assay (Bio-Rad). For
MSA, we prepared a 43mer PCR product (nucleotides 21446 to
1404; 7), using a biotin-labeled primer (Table 1). Unlabeled com-
etitor was prepared using similar but unlabeled primer pairs. Six
icrograms of each nuclear extract or 1 ml of the TnT-product of the

RcCMV-hMafF plasmid was used for the binding reaction with 0.5
g of biotin-labeled probe and the binding buffer described above,
nd electrophoresed in 5% PAGE/0.53 TBE buffer at 4°C. The gel
as then blotted onto Biodyne B membrane (Pall) through 0.4 N
aOH. Biotinylated DNA was then detected using the Imaging high-

FIG. 1—

FIG. 1. (A) Binding specificity of the GAL4AD-#1481 fusion
ranscription and translation (TnT) product, derived from the pRcC
robe [nucleotides 21466 to 21375 bp of the human OTR gene (7)]
upershift experiment, 1 ml of anti-GAL4 activation domain monoclo
he competition experiments, an excess of unlabeled DNA fragment
robe. Lane 1, 2 ml of TnT reaction mix without the template plasmid
plus anti GAL4 activation domain antibody. Lane 4, as lane 2 plus

0-fold molar excess of unlabeled B1 fragment. Lane 6, as lane 2 plus
ane 7, as lane 2 plus 2000-fold molar excess of unlabeled double st
nlabeled unrelated fragment. The lower panel indicates the relatio

ocation of A2 and B1 appeared in Kimura et al. (5). (B) Full-length h
ndicates the stop codon. Italics indicate the sequence determined by
hicken and mouse MafF, the members of the small Maf family. T
esidues to hMafF are indicated by dots (.). The key residues for pu
esidues forming the heptad repeats of the leucine zipper domain are
n all members of the small Maf family including with chicken MafF
ranscribed-translated (TnT) product derived from pRcCMV-hMaf
ontaining full-length open reading frame of hMafF, in the prese
enaturing SDS–PAGE (12% gel) with broad range protein size mar
89
hemilumi-kit (Toyobo) and exposed to Hyperfilm ECL film
Amersham-Pharmacia).

Enzymes and chemicals. Restriction enzymes were from New
ngland Biolabs and Toyobo. Other chemicals were from local sup-
liers (Merk and Nakarai tesque) and were of analytical grade.

ESULTS AND DISCUSSION

Yeast one-hybrid screening with the (US-2)6YM4271
train, wherein the US-2 motif of the human OTR gene
cted as target, yielded a total of 79 colonies which
ould be rescued in SD/-His/-Leu/115 mM 3AT me-
ium. As the b-galactosidase screening system using a
US-2)6pLacZi vector (Clontech) gave a very high back-
round (data not shown), another strategy was used to
onfirm the positive clones. All rescued plasmids were
equenced and checked by BLAST search of the inter-
ational databases. Of these, 36 were either novel or
elated to DNA-binding proteins. HindIII-derived cas-
ettes containing besides the expressed insert also the
AL4AD-cDNA sequence were then subcloned into the
RcCMV vector and fusion proteins synthesized using

ntinued

tein to the OTR 59 fragment (B1-1). Two microliters of in vitro
V-GAL4AD-#1481 plasmid, was hybridized with radiolabeled B1-1
d subjected to electrophoretic mobility shift assay (EMSA). For the
antibody was preincubated with the binding reaction for 30 min. In
as preincubated 10 min prior to the addition of radiolabeled B1-1
ne 2, TnT product of GAL4AD-#1481 fusion protein. Lane 3, as lane
-fold molar excess of unlabeled A2 fragment. Lane 5, as lane 2 plus
00-fold molar excess of unlabeled double stranded US-2A fragment.
ded US-2B fragment. Lane 8, as lane 2 plus 40-fold molar excess of
f each fragments to 59-flanking of the human OTR gene. The exact
afF cDNA sequence and deduced amino acid sequence. The asterisk

ACE (25 bp) and 39-RACE (650 bp). (C) Alignment with the human,
alignment covers the full deduced amino acid sequences. Identical
ve DNA binding domain, NxxYAxxCR, are boxed. The hydrophobic
icated by circles. The heptad repeat sequence LLLMLL is conserved
d human h-Maf. (D) Molecular weight determination of the in vitro
TnT reaction was performed using the pRcCMV-hMafF plasmid,
e of [35S]-methionine. The radiolabeled product was subjected to
s.
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he TnT combined transcription-translation system.
pplying these protein products in an EMSA screening
ielded 3 independent clones all showing obviously
hifted signals, having a common sequence at their
9-end (not shown). Binding specificity to the B1-1 frag-
ent of the OTR gene promoter, which includes the
S-2 motif, was assessed by supershift using an anti-
AL4 antibody or by competition experiment (Fig. 1A).
he affinity of the protein to the DNA fragment ap-
eared to be influenced by the length of the competitor
ragment, since more than 100-fold molar excess of the
S-2A fragment was required to compete the labeled
1-1 fragment, when compared to the unlabeled B1

ragment.
The longest of the identified positive cDNA clones
as 1.8 kb. Additional sequence was then determined

rom 59- and 39-RACE reactions (Fig. 1B), which ex-
ended the sequence by a further 25 bp upstream and
50 bp downstream, respectively. Since no other open
eading frame (ORF) further upstream can be identi-
ed, the ATG codon at nucleotide 147 is probably the
rue translation start site. The resulting ORF com-
rises 164 amino acids, has a predicted molecular
eight of 17.8 kDa, and shows high homology to

hicken (15) and murine MafF (16) (Fig. 1C) within the
af protooncogene family, named after V-maf from
usculoaponeurotic fibrosarcoma of chicken (17). The
S-2 binding protein is thus probably the human ho-
ologue of MafF (hMafF). The amino acid region crit-

cal for DNA binding is considered to be the
xxYAxxCR motif, comparable to the NxxAAxxSR mo-

FIG. 2. Gene expression profile of hMafF. Twenty micrograms of
otal RNA from various human tissues was electrophoresed in 1%
garose/2.2 M formaldehyde/13 Mops gel and the gel was stained by
thidium bromide (lower panel). RNA was transferred to nylon mem-
rane and hybridized with the radiolabeled SmaI–BamHI fragment
xcised from pBS-#1481 plasmid. After high-stringency washing, the
MafF mRNA signal was detected by autoradiography (upper panel).
he filter was then reprobed with for G3PDH mRNA as internal
ontrol (middle panel). Lane 1, nonpregnant myometrium. Lane 2,
yometrium at 14 weeks gestation. Lane 3, myometrium after term

elivery. Lane 4, placenta of 38 weeks gestation. Lane 5, choriode-
idual membrane of 38 weeks gestation. Lane 6, liver, post mortem.
ane 7, spleen. Lane 8, kidney, post mortem.
90
if for GCN4 (18) and the NxxAAxxCR motif of Jun-Fos
eterodimers (19). The hydrophobic residues forming
he heptad repeats of the leucine zipper domain are
lso conserved, as in all other members of the small
af family (Fig. 1C). Also like the other small Maf

roteins, hMafF lacks a distinct N-terminal transacti-
ating domain. In vitro translated hMafF protein
hows a molecular weight in denaturing PAGE of 18
Da (Fig. 1D), in accord with the size predicted from
he cDNA.

From the BLAST database search, the 39-UTR seg-
ent of the hMafF cDNA shows a high homology score

o several different BAC clones from diverse human
hromosomes, suggesting that this region is duplicated
rom an ancestral gene and is not unique to hMafF. In
ontrast, the coding region of the hMafF cDNA shows
omology only to murine and chicken MafF cDNA.
hus, to avoid cross-hybridization with other related
equences, northern hybridization was performed us-
ng the unique BamHI-SmaI fragment (nucleotides 156
o 578) from the coding region of the cDNA as a probe
Fig. 2). Indeed, Northern blotting using a probe from
he 39-UTR indicated a ubiquitous expression pattern
ven after high stringency washing (not shown), sug-
esting that at least some of the sequences found in the
atabase may be transcribed as general housekeeping
enes. Using the probe specific for hMafF, a strong
.6-kb specific signal is seen in RNA from term myo-
etrium and from kidney. In the placenta, weak sig-

als of smaller (1.0 and 0.8 kb) sizes are also observed

FIG. 3. hMafF protein in various human tissues determined by
MSA. Six micrograms of nuclear proteins extracted from various
uman tissues or 0.5 ml of the TnT product of the pRcCMV-hMafF
lasmid was subjected to EMSA. The biotin-labeled 43-mer probe
ontaining the US-2 element was generated by PCR, and visualized
y chemiluminescence. Signals showing the same mobility shift as
hat for the hMafF TnT product are indicated by arrowheads. Lane
, free probe. Lane 2, 6 mg of nuclear extract from non-pregnant
yometrium. Lane 3, 6 mg nuclear extract from term myometrium.
ane 4, as lane 3 plus 100-fold molar excess of unlabeled 43mer
robe. Lane 5, 0.5 ml of hMafF TnT product. Lane 6, as lane 5 plus
00-fold molar excess of unlabeled 43mer probe. Lane 7, 6 mg of term
yometrial nuclear protein plus 0.5 ml of hMafF TnT product. Lane

, as lane 7 plus 100-fold molar excess of unlabeled 43mer probe.
ane 9, 6 mg of liver nuclear extract. Lane 10, as lane 9 plus 100-fold
olar excess of unlabeled 43mer probe.
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Fig. 2). The integrity of mRNA in each tissue was
hecked by rehybridization of the blot with a G3PDH
robe as well as by ethidium bromide staining of the
ibosomal RNA. Also for chicken and murine MafF,
xpression was found to be highly tissue-specific. Max-
mum expression was observed in the ovary, and low
evel of expression was detected in the brain, heart and

esenterium of chicken tissues (15), while murine
afF was highly expressed only in the lung (16).
Using EMSA with the 43mer fragment of the OTR

ene including the US-2 motif as probe (Fig. 3), the in
itro transcribed-translated (TnT) hMafF protein could
e detected as two shifted bands, possibly representing
onomeric and dimeric complexes (lane 5). There is a
eak but significant signal due to hMafF using nuclear

xtracts from term myometrium (lane 3), but not with
hose from non-pregnant uterus (lane 2). Although the
robe is relatively short, there appears nevertheless to
e a high degree of unspecific binding, often of stronger
ntensity, for example in the liver nuclear extract (lane
). Competition with a 100-fold molar excess of the
nlabeled probe failed to eliminate these unspecific
ignals (lane 10), whereas this amount of competitor
as sufficient to displace both the signal from term
yometrium as well as the TnT hMafF protein (lanes
and 6). Small maf proteins are believed to form het-

rodimers with NF-E2 (p45), Fos, Nrf 1, Nrf 2 (20),
ach1 (21) and Bach2 (22) to bind the Maf recognition
lement (MARE). To determine whether hMafF might
inds to the US-2 element as a heterodimer, we mixed
uclear extract from term myometrium with the TnT-
erived hMafF protein. However, no extra band can be
etected when compared with the original term nu-
lear factor, although the intensity of the second band
as increased (lane 7). It is not clear at this stage if

here might not be some other protein(s) interacting
ith hMafF in vivo.
Since we have shown that hMafF can bind specif-

cally to the OTR gene in vitro, the expression of this
rotein in term myometrium strongly suggests that
t also interacts with the activated OTR gene in vivo.
acking the N-terminal transactivation domain

ound in the large maf family, but absent in the small
af family, hMafF is probably unable by itself to

ctivate a target gene. Indeed, when we cotrans-
ected the pRcCMV-hMafF expression plasmid, to-
ether with an OTR gene promoter-luciferase con-
truct, with or without the US-2 recognition motif,
nto MCF-7 cells, we unsurprisingly failed to observe
ny significant alteration of the basal luciferase ac-
ivity (not shown). The sequence of the US-2 element
hows some similarity to the AP-1 and NF-E2 bind-
ng motifs. Thus, like the small mafs, MafK and

afG, hMafF might function by interacting with
ther transactivating factors directly, or by modulat-
ng the binding of other nuclear factors which inter-
ct with the OTR gene close to the US-2 element.
91
lthough, it has recently been shown that the c-Fos/
-Jun complexes can bind to an AP-1 site and acti-
ate human OTR gene transcription in a breast can-
er cell line (23), the absolute levels of activation
chieved were relatively low, and the binding site
mplicated in this action was close to the transcrip-
ion start site and not near the US-2 element. It is
till completely unknown whether molecules, such as
F-E2 (p45), Nrf1, Nrf2, Bach1 or Bach2, which

nteract with other small mafs, can interact with
MafF or bind the OTR gene promoter near the US-2
otif and thereby regulate OTR gene transcription.
lso, the significance of hMafF expression in the
uman kidney, where the OTR gene is not highly
xpressed, is not known. Recently, mice have been
eported in which the mouse mafF gene has been
blated (16). Although, uterine expression of mouse
afF has not been investigated, the mutant mice

howed no apparent defect in reproduction nor par-
urition. However, many genes known to be involved
n parturition, fail to show a phenotype in such ab-
ation experiments (24).

In conclusion, we have cloned a human homologue of
afF (hMafF) which specifically interacts with the

pstream promoter region of the human OTR gene.
he cellular and temporal pattern of expression of
MafF in vivo correlates very closely with the massive
pregulation of the OTR gene at term of pregnancy.
rom its structure, hMafF is more likely to be a medi-
tor of specificity rather than an activator, though its
recise function needs to be further characterized. We
ould predict that hMafF is actively involved in vivo in

he upregulation of the OTR at term of pregnancy, and
robably in other associated aspects of the parturition
rocess.

CKNOWLEDGMENTS

The nucleotide sequence for human MafF has been deposited in the
DBJ Database under Accession No. DDBJ 990322130301.12384. We

hank Drs. Norbert Walter, Ross Bathgate, and Birgit Gellerson for
elpful advice and discussion. We also acknowledge financial support
rom the Deutsche Forschungsgemeinschaft (Grants Iv7/8-1 and Iv7/8-
); grants-in-aid for scientific research from the Ministry of Education,
cience, and Culture of Japan (Nos. 10671535, 10671536, and
1307032); as well as financial support from the Ciba–Geigy Research
oundation of Japan. T.K. was supported by the Alexander-von-
umboldt Foundation, Bonn.

EFERENCES

1. Kimura, T., Takemura, M., Nomura, S., Nobunaga, T., Kubota,
Y., Inoue, T., Hashimoto, K., Kumazawa, I., Ito, Y., Ohashi, K.,
Koyama, M., Azuma, C., Kitamura, Y., and Saji, F. (1996) En-
docrinology 137, 780–785.

2. Larcher, A., Neculcea, J., Breton, C., Arslan, A., Rozen, F.,
Russo, C., and Zing, H. H. (1995) Endocrinology 136, 5350–5356.

3. Bale, T. L., and Dorsa, D. M. (1997) Endocrinology 138, 1151–1158.
4. Ivell, R., Bathgate, R. A., Walter, N., and Kimura, T. (1998) Adv.

Exp. Med. Biol. 449, 297–306.



5. Kimura, T., Mizumoto, Y., and Ivell, R. (1999) Mol. Cell. Endo-

1

1

1

1

1
1

16. Onodera, K., Shavit, J. A., Motohashi, H., Katsuoka, F.,

1

1

1
2

2

2

2

2

Vol. 264, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
crinol. 148, 137–149.
6. Mizumoto, Y., Kimura, T., and Ivell, R. (1997) Mol. Cell. Endo-

crinol. 135, 129–138.
7. Inoue, T., Kimura, T., Azuma, C., Inazawa, J., Takemura, M.,

Kikuchi, T., Kubota, Y., Ogita, K., and Saji, F. (1994) J. Biol.
Chem. 269, 32451–32456.

8. Okayama, H., Kawachi, M., Brownstein, M. J., Lee, F., Yokota,
T., and Arai, K. (1987) Methods Enzymol. 154, 3–28.

9. Wang, M. M., and Reed, R. R. (1993) Nature 364, 121–126.
0. Geitz, D., St. Jean, A., Woods, R. A., and Schiestl, R. H. (1992)

Nucleic Acids Res. 20, 1425.
1. Maruyama, I. N., Rakow, T. L., and Maruyama, H. I. (1995)

Nucleic Acids Res. 23, 3796–3797.
2. Henke, W., Herdel, K., Jung, K., Schnorr, D., and Loening, S. A.

(1997) Nucleic Acids Res. 25, 3957–3958.
3. Chomczynski, P., and Sacci, N. (1987) Anal. Biochem. 162, 156–

159.
4. Deryckere, F., and Gannon, F. (1994) Biotecheniques 16, 405.
5. Fujiwara, K. T., Kataoka, K., and Nishizawa, M. (1993) Onco-

gene 8, 2371–2380.
92
Akasaka, J., Engel, J. D., and Yamamoto, M. (1999) J. Biol.
Chem. 274, 21162–21169.

7. Nishizawa, M., Kataoka, K., Goto, N., Fujiwara, K. T., and
Kawai, S. (1989) Proc. Natl. Acad. Sci. USA 86, 7711–7715.

8. Ellenberger, T. E., Brandl, C. J., Struhl, K., and Harrison, S. C.
(1992) Cell 71, 1223–1237.

9. Glover, J. N. M., and Harrison, S. C. (1995) Nature 373, 257–261.
0. Liu, Q., Breitman, M. L., Hitchcock, P. F., and Swaroop, A.

(1996) Oncogene 12, 207–211.
1. Igarashi, K., Hoshino, H., Muto, A., Suwabe, N., Nishikawa, S.,

Nakauchi, H., and Yamamoto, M. (1998) J. Biol. Chem. 273,
11783–11790.

2. Muto, A., Hishino, H., Madisen, L., Yanai, N., Obinata, M.,
Karasuyama, H., Hayashi, N., Nakauchi, H., Yamamoto,
M., Groudine, M., and Igarashi, K. (1998) EMBO J. 17, 5734–
5743.

3. Hoare, S., Copland, J. A., Wood, T. G., Jeng, Y-J., Izban, M. G.,
and Soloff, M. S. (1999) Endocrinology 140, 2268–2279.

4. Kimura, T., Ogita, K., Kusui, C., Ohashi, K., Azuma, C., and
Murata, Y. (1999) Rev. Reprod. 4, 73–80.


	MATERIALS AND METHODS
	TABLE 1
	FIG. 1

	RESULTS AND DISCUSSION
	FIG. 2
	FIG. 3

	ACKNOWLEDGMENTS
	REFERENCES

